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I 
 
摘要 
红树林是热带亚热带海岸潮间带受周期性潮水浸淹，以红树植物为主体的常
绿灌木或乔木组成的木本生物群落，是连接陆地和海洋的特殊森林。我国对红树
林湿地的植物研究较多，对底栖动物研究较少；对红树林湿地大型底栖动物研究
较多，对小型和微型底栖动物研究较少，特别是对人工红树林湿地小型底栖动物
的研究更少。  
本研究于 2014 年 2 月、5 月、8 月和 11 月，在同安湾的下潭尾和白兔山人
工红树林湿地进行了 4 个季度小型底栖动物定量取样，系统的研究了小型底栖动
物的类群组成、丰度、生物量和多样性等，并分析了自由生活海洋线虫的种类组
成、丰度、生物量、优势种（或分类实体）和各食性类型的比例，为完善我国人
工红树林湿地小型底栖动物和自由生活海洋线虫物种和生境多样性资料库做贡
献，为滨海湿地公园管理、滩涂生态修复和红树林湿地管理提供基础资料。 
主要研究成果如下： 
（1）小型底栖动物的类群组成。四个季度共获取 12 个小型底栖动物类群，
分别是自由生活海洋线虫（Free-living marine nematode）、底栖桡足类（Benthic 
copepoda）、寡毛类（Oligochaeta）、多毛类（Polychaeta）、缓步类（Tardigrada）、
涡虫类（Turbellaria）、有孔虫类（Foraminifera）、介形类（Ostracoda）、双壳类
（Bivalvia ）、原生动物（Protozoa）和星虫类（Sipuncula），还有少许未定类群，
归为其他类。其中，线虫是较优势的类群，占总丰度的 90.15%。与中国其他已
研究的红树林区域相比较，本研究在白兔山人工红树林湿地发现了少量缓步类。 
（2）小型底栖动物的丰度和生物量。同安湾人工红树林湿地小型底栖动物平
均丰度为 463.4 ind.∙10 cm-2。各季度各取样站小型底栖动物丰度较高值出现在冬
季 F 取样站，为 1029.5±99.4 ind.∙10 cm-2；较低值出现在夏季的 D 取样站，为
190.3±60.1ind.∙10 cm-2。各季节平均生物量变化为冬季>秋季>春季>夏季。小型底
栖动物各个类群所占的生物量比例中，线虫所占比例较高，为 35.29%；有孔虫
的生物量比例次之，为 23.95%。单变量双因素方差分析表明，不同季节间小型
底栖动物丰度、生物量有极显著差异；不同取样站间小型底栖动物丰度、生物量
无显著差异；季节×取样站间的小型底栖动物丰度有显著差异，生物量有极显著
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II 
 
差异；不同生境间小型底栖动物丰度有显著差异，生物量无显著差异；季节×生
境间的小型底栖动物丰度、生物量均具有显著差异。 
（3）小型底栖动物多样性指数。小型底栖动物的丰富度指数（d）较高值出
现在秋季的 2 龄林生境，匀度指数（J）和多样性指数（H’）的较高值则均出现
在夏季的光滩生境。 
（4）自由生活海洋线虫种类组成。在下潭尾和白兔山人工红树林湿地，夏季
和冬季 2 个季度共鉴定出自由生活海洋线虫 76 种（分类实体单元），隶属于 3
目 24 科 54 属。与深圳湾福田、湛江高桥、漳江口、泉州湾潮间带、凤林等红树
林区相比较，本研究有 Coninckia、茧回线虫属 Calligyrus、吸口线虫属 Wieseria
和寻常线虫属 Demonema  4 个属首次在我国的红树林湿地发现，这 4 个属在同
安湾人工红树林湿地丰度均较低。海洋线虫种类数较多的是夏季 8 龄林生境，有
62 个种；海洋线虫种类数较低的是冬季的光滩生境，有 23 个种。单变量双因素
方差分析表明，不同取样站、不同生境、不同季节、季节×取样站和季节×生境
之间的海洋线虫均有显著差异。其中，所鉴定的海洋线虫中，不同季节优势度大
于 1.00%优势种分布数量为夏季>冬季。冬季的优势种为 Daptonema sp.2，夏季
的优势种为 Spilophorella sp.。 
（5）自由生活海洋线虫丰度和生物量。在同安湾人工红树林湿地，不同季度
中海洋线虫的平均丰度和生物量变化为冬季>春季>秋季>夏季；不同取样站中海
洋线虫的平均丰度和生物量变化为 B 取样站较高，D 取样站较低；不同生境海
洋线虫的平均丰度和生物量变化为 2 龄林>8 龄林>光滩。 
（6）自由生活海洋线虫摄食类型。按海洋线虫物种数统计：非选择性沉积食
性者（1B）>捕食者或杂食者（2B）= 刮食者或硅藻捕食者（2A）>选择性沉积
食性者（1A）；按海洋线虫丰度统计，非选择性沉积食性者（1B）>刮食者或硅
藻捕食者（2A）>捕食者或杂食者（2B）>选择性沉积食性者（1A）。 
（7）小型底栖动物与底温、底盐的关系。小型底栖动物的个体数与底温、底
盐显著相关；海洋线虫物种数、海洋线虫的丰富度指数和多样性指数与底温均显
著相关；夏季、秋季小型底栖动物的类群数、夏季小型底栖动物丰度与底盐显著
相关。 
关键词：小型底栖动物；自由生活海洋线虫；群落；人工红树林湿地；同安湾
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Abstract 
Mangrove is a woody biological community of evergreen shrubs or trees in 
tropical and subtropical coast intertidal zone，which are inundated by periodic tide, it 
is a special forest which connect the land and sea. There have been more research on 
plants than the benthic fauna, and there have been more research in macrofauna than 
in meiofauna in China mangrove wetlands, especially in artificial mangrove wetlands. 
Ecological investigation has been launched and samples of meiofauna were 
collected inartificial mangrove wetland in Tong’an Bayfrom February, 2014 to 
November, 2014. Group composition, abundance, biomass and biodiversity of 
meiofauna as well as species composition, abundance, biomass and dominant species 
of free-living marine nematodes were analysed, in order to consummate the data bank 
of meiofauna and free-living marine nematodes in artificial mangrove areas in China, 
also to provide basic data of coastal wetland park management, intertidal zone 
ecological restoration and coastal mangrove wetland management. 
The main research achievements as follows: 
(1) Group composition of meiofauna. 12 meiofauna groups were collected in 4 
habitats in four seasons, including free-living marine nematodes, benthic copepods, 
oligochaeta, polychaeta, tardigrada, turbellaria, foraminifera, ostracoda, bivalvia, 
protozoa, sipuncula and others.Among them, free-living marine nematodes was the 
dominant group, which had a percentage of 90.15% in total abundanceof 
meiofauna.Compared with other researched mangrove wetlands in China, tardigrada 
are only found in Baitushan artificial mangrove. 
(2) Abundance and biomass of meiofauna. The even abundance of meiofauna was 
463.4 ind.∙10cm-2 in Tong’an bay artificial mangrove wetlands. In four seasons and 
stations, the abundance was highest in F in winter (1029.5±99.4 ind.∙10 cm-2), while 
lowest in D in summer (190.3±60.1ind.∙10 cm-2). In four seasons, the biomass was 
highest in winter and lowest in summer. Among proportion of biomass in each groups, 
nematodes is highest (35.29%), followed by foraminifera (23.95%). 
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UnivariateTwo-way ANOVA tests showed that there were highly significant 
differences among different seasons in meiofauna abundance and biomass; There 
were no significant differences among different stations in meiofauna abundance and 
biomass; There were significant differences among the season × habitats interaction in 
meiofauna abundance, and highly significant differences in meiofauna biomass; There 
were significant differences among different habitats in meiofauna abundance, and no 
significant differences in meiofauna biomass; There were significant differences 
among season × habitats in meiofauna abundance and biomass. 
(3) Diversity indices of meiofauna.The highest values of abundance index (d) 
appeared in Xiatanwei atificial mangrove in autumn, the highest values of evenness 
index (J’) and Shannon-Wiener index (H’) both appeared in mudflat in summer. 
(4) Abundance and biomass of free-living marine nematodes. A total of 76 
free-living marine nematode species were identified in winter and summer, which 
belonged to 3 orders, 24 families and 54 genera.Among them, Coninckia、Calligyrus、
Wieseria and Demonema were first reported in China. In four seasons and habitats, 
the highest species number was in Baitushan atificial mangrove in summer(62 species) 
and the lowest was in mudflat in winter(23 species). Univariate Two-way ANOVA 
tests showed that there were significant differences among different seasons, habitats, 
stationos, seasons×stationos and seasons× habitats. The dominant species in winter 
was Daptonema sp.2, Spilophorella sp.in summer. 
(5) Abundance and biomass of free-living marine nematodes. In four seasons,the 
highest average abundance and biomass were both in winter, followed by spring，
autumn and summer. In different stations, the highest average abundane and biomass 
were both in B station, lowest in D station; In different habitats, the highest average 
abundane and biomass were both in Xiatanwei atificial mangrove, followed by 
Baitushan atificial mangrove and mudflat. 
(6) Trophic structure of free-living marine nematodes. According to the statistics 
of marine nematodes species number, non-selective deposit feeders (1B) had the most 
species, followed by predators (2B), epigrowth feeders (2A) and selective deposit 
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feeders (1A). According to the statistics of marine nematodes abundance, 
non-selective deposit feeders (1B) had the most species, followed by epigrowth 
feeders (2A), predators (2B) and selective deposit feeders (1A). 
(7) Relationships between meiofuanal ， temperature and salinity. Pearson 
correlation analysis showed that temperature and salinity were the factors those 
impacted species of meiofauna; Temperature was the factor that impacted species, 
abundance index (d) and Shannon-Wiener index (H’); Salinity was the factor that 
impacted the spices of nematodes in summer and autumn, also impacted the 
abundance of meiofuana in summer. 
Key words: meiofauna; free-living marine nematodes; community; artificial 
mangrove wetland; Tong’an Bay 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
第 1 章 前言 
1 
 
第1章 前言 
红树林是热带亚热带海岸潮间带受周期性潮水浸淹，以红树植物为主体的常
绿灌木或乔木组成的木本生物群落，是连接陆地和海洋的特殊森林。红树林生态
系统是当今世界上生物物种较丰富、初级生产力较高的海洋生态系统之一(林鹏
和傅勤，1995) 。红树林不仅具有生物多样性高的特点,而且还具有另外“三高”
特性，即高生产率、高归还率和高分解率。红树林对海岸滩涂和河口海湾环境有
着重要作用：第一，红树植物从环境中吸收大量的二氧化碳并释放氧气，这对维
护大气中 CO2 的平衡及减缓温室效应有着极重要的意义；第二，红树林能造陆
护堤，红树植物发达的根系可加速潮水和陆地径流带来的泥砂和悬浮物在林区的
沉积，促进土壤的形成，一定程度上可以抵御全球温室效应导致的海平面上升对
沿海地区的威胁（韩维栋和高秀梅，2000）；第三、红树林发达的支柱根和众多
的气根深扎在泥里，使其能防风御浪，并一定程度上截留海上的垃圾、净化水质，
这对沿海地区的环境保护有重要意义；第四，红树林为许多水生生物提供了繁育、
觅食和栖息的生境，为林区附近居民创造了一定的经济效益；第五，红树林正日
益担负起青少年环境教育的责任，且由于其独特的生态景观，红树林的生态旅游
价值也日渐凸显，越来越多的红树林湿地被改造成为以生态保护为主、以观光休
闲和科普教育为辅的多功能生态公园。由于红树林兼具陆地生态系统、海洋生态
系统和湿地生态系统的功能，具有较高的经济价值和生态价值，长期以来红树林
生态系统的研究一直受到科学工作者们的关注。 
小型底栖动物（Meiofauna）是指分选时能通过孔径为 0.5 mm（或 1.0 mm）
网筛，但被孔径为 0.042 mm 网筛所截留的底栖动物，主要指多细胞动物，如线
虫、桡足类和寡毛类等，也包括一部分原生动物，如有孔虫（Higgins and Thiel，
1988；Giere，2009）。小型底栖动物作为连接有机碎屑、初级生产和水层—底栖
耦合的重要环节，是许多经济鱼、虾和贝类幼体时期的优质饵料（张志南等，2004），
同时，小型底栖动物也是沉积物中有机碎屑的开发者和底栖细菌、微藻的主要消
耗者，其摄食率大体与微生物生产量持平，调节微生物生产过程（蔡立哲，2006），
在海洋生态系统中起着重要作用。由于小型底栖动物具有分布广、个体小、数量
大、易采集、生活周期短及生活史无浮游幼虫阶段等特点，使得小型底栖动物在
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